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ABSTRACT

1. IMTRODUCTIM

Il. AFOM SCOP[



partlclcs, iu~l Iiquld, a coolant Iiquld, fuel vapor, coolant v~~orl and a noncon -
d@II\~blg gas. Th8 fu?: p~rtlclcs and llquld Gccupy onc volocltY ffcld, the llauid
coolant occupl.s a s~cond v~loclty field, and the wdpor spoctts arc ass!gned to the
third Vcloctty flcld. The structure fl~ld does influmcc both ~xfal and radfal mo-
tion; hou8v~r. ptmmnologlctl moclollng has concentrated on POo~-tyPe s~tuations
rather than flow channel or subasswnbly goomttry, The structure IS assumed tu be

$tai!onary, ●nd the structure VOIUW fracttons are Indtpcndent of time. The conser-

vat\Ori aquatlons solved by AFDM &re glvar, by

T- .

r

[q + vo(.ptL, )]

p)o~o,, L, + H(-rL!p)op) ,

-0 L1 + ‘6L1 {H(r6Ll)tC~n,ll + ‘(-r~Ll)8Ll)

+ 14(-rL@ilQ,Ll+ ‘Lip [H(rL@Ll ).
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(2)

(3)

(4)

(5)

(b)



Subjoct of thl~ pan?r 1$ not the d?rlvbt ton and juStlflctt~Un
rather the SO]Utt so slgor~thm and tbc Constltutlve r.latton>h

III. AFM ALWMITHH

Th@ AFDm 1S dcstgncd to use # fractional-step mrthod fOr
uhtch the Intraccll conftguratlon chang~s and the h@at/m$s transfers are ●valuattd
icparatcly fram Intcrccll conv.ctl n.

!
Th!s type of approach has worked %at!sfactor-

tly in previous mltiphas~ codcsl* ~nd slgnlflcantly Increasts tht foasfb~llty of
trmtlng tlw Iarqc ntitr of components that may bc consldcrod In HCDA tnalysis. A
stagg~rcd finttc-dlff@rcnct Cmputat!onal msh Is usul, w~th dmsttt~s, Internal @n-
crgi.s, and prtssurcs ovaluatcd #t COII cmt~rs and ve~oc~t!ts cvaluat~d at tht ccl]
edges . The AFOM •190fltlMh~S four steps. These arc performd seQu@ntlally without
tteratlon in tho algorltlmas devcloptd to date.

b, SLOD 1, !Mrfom Intrtctll Tr4 nsf~r~
This stql updates [qs: (l)-(7) uhllc tgnoring convection. The terns tr~ated

are the p~rtlal derlvatfvos with respect to t~ma (or the flr~t t~m in mch mm-
tlon) and tho ms%-worgy trmsfer terns (or th~ right sfde of tach equttlon). AS
oxplalnod further in $ac. lV.D, the AFDM Intracell trmsfors ar- based on 12 dlff@r-
mt configurational tiels called topolwles that dascrfbe what contActs arc posst-
ble. Tho path through Stop 1 has eight parts as follows.

1. [vtlutte th~ equation of stat. ([as).
2. Sel@ct the continuous phase md topology.
3. C~lcUlat@ tho souKe tem for lnterf~cf~l ●rm chtngcs.
4. Deffne flow regfms md lnstmtm~ous Interfccltl treas. Note thtt ~ glvon

topology MY posms moro than on. flw reglm8.
5. Perfom heat and mss trmsfor operations.
b. Modify Interftcltl ●rms fOr cOnveCtlM based on -ss transfer results.
7. Cmuto tho mntmexchangc coefflclonts.
0. Updttc voloctttm Msed on mss trmsfor rmults.

Tho ~lgorltfm for Stop 1 is to treat r~pldly v~rytng (sonstttve) qutnt~ties twli-
cltly and tho slouly vtrylng (stable) qumtltles oxpllcltly. Tho i~ltclt part is
tfmtad using ~ mlttvtrltto Bewton+aphson algorttlm, At the conclusion of Step 1,
p, V, ●nd ● 411 have Men uedatti frm lntr~coll ftoat ●d mss trmsfers.

Ides set to zero
md tho convectlvo tom trmted oxpltclt]y. Tho objocttvo 1s to tnlt181tz@ tlw
pressuro ltor~tlon (Sttp 3) w~th end-of-tlm-step ●st~mtos for all the f~~ld vqrt-
Sblm. Ths MSS conservation and onorgy consorvstlon equ~tlons solwd #re

(0)

(9)



.

,,

In Eas. (8) and (9) the n suporscrfpt rofors to condltlon$ at tfw ●d of Step 1 QX-

ccpt for tho prossur~, uhlch Is not updttcd by St@p 1. Ttic txlal and radltl VCIO-
clty c~onmts aro dmotod by v ml u, respcctlvoly. The < > nOt~t!On Is described
In Sec. IvmC. The cstlmtcd md-of-timt-stm VOIUN frtctfons In Eq. (9) C- frw
tho satardms!tios calculated In [q. (a). Aftsr evaluating Las. (8) and (9), the
COS in inverted to obta!n t~~raturcs conslstant w~th t~@n- d~ns~ties and Qntr-
glos. Finally, St@p 2 USQS th~ M’Mntm Qfauatlons to calculat@ ntu voloc~+.fes and
velocfty dcrlvat~vos wtth mspoct to prtssurc. This opcrttlon 1s dcscrlbed In
Sec. Iv;O,

t8D 3, W fom ltc &tIon for VQ oclt!es a d Consl$tt t EOSr r 1 n n Pr?$5Urt\
lh? antfcfpat~on of rclattvoly qulCSCtnt probltms lfI Sltuat!ons where tht ●nvi-

ronmnt may havt ● high sonic vtloclty, for ●Xamlc, a pool, loads to th~ de$lre to
ctlculato sorIlc wavo progagatlon Imltcltly. The a preach used in AFM to accom-
plish this objoctlvo Is Stml-iqllcit dlfforonclng. 5 In tho AFOH vcrtlon of this
approtch, wlocltlcs art to bo c~utod with LOS consist~nt Brcssurm, ulth only
soloct8d (smsitivo) vtrlQblts or r@latfonshiPs Mln9 all-d to change from the
Sttp 2 ●stlmstes. Wldcs the CO1l prossurc itself, tho sonsftlvo varl~blcs (r@la-
tlonshlps) chos~n aro those doscrlblng oath mmntum donslty and tht prossurt-volume
m-k t~m aff~ctfng the vapor tntmnal onorgy. The ●rror tn pr~ssure Is given by

The error tn th~ conservation .quatfons fOr the dmsftlm cm M QXDrtSSOd by

[;::;, - &j]/At + [< l:t:+’ >W -4JV :-;+’ >o-]/AZj

n -n+l+ [< J ru
n *+1

aq ‘h+ - < v%
>A-]trtwt .

Ulthln a mmontm ftold, cmonont donsfty rhtlos am pros- to bc
stop 3. Th. work tom updates tho vapor lntomal @norSy through tho

(lo)

(11)

constmt dur!fiq
oxprtssfon

%lj)

< .nr~n+l n -n+l
+t~;’[ ~ ~ ‘A+ - < ●6ru6 ~A-l/rfari , (12)

dwro trio term Involvlng < 0 z havo bmn collcctod Into a c0nv8Ctfv0 tcmcallod C[
that -fns unchanged from [q. (9) and th~ ‘o” subscr~pt r~fors to donsttlm frm
[q. (0). Th@s@ errors art to approach zero. This ts acc~llshod by a mult~varlcto
Mtvton-Raphton procoduro. In this proctduro, the inlttal 8top Is to expand th~ tr-
rors g~von by fqs. (10)-(12) In a T#ylor scrlos. For oEaIwlo, th~ oiptnslon for tho
mss consorvat~on rolttionshtps, Oq,fj, Is

(13)



fi4J

MultlDllCttlOh Of Ecl 04) by the flrSt mu Of A-’(lj) QIVQS n @aUatlons fG” the
8D(tJ). @cr. n Is tnt nmbtr of CWutatfOfMl CQ1lS. When the change In pressure
ts knOW, tht rmfnlng wll-c@nt@rQd variablQs can b uDdattd using the Taylor ser-
Ics expansions dtrcctly. Tho v~locltlcf ar~ upeat.c? using the txprcsslons for trle

v~loclty d~rlvatlvcs thd thb prossur? ChMhQOS. TM Mltlflold ~ntm sgu~tlon~
#r@ not solved Mr. bccaust of th~ lonuthy cWutstfon Involved tnd the Stablllty
oroblam Cflscusscd In SQC. Iv.B. Ootw=fnation of ttw velocities provides suffi-
clont Info-tlon for Eas. (10)-(12) to bo rocalculatcd and ~nothcr ltorat~on start-
au. Convcrgmco Is obtafnad *Pn OaCh of tho varlablm In AX :$ reduced b~lti an

dat@S am DQrfO*d With COnWCtlV@ tC~S USfn9 th~ VCIOC~tltS fr~ StCD 3. For cx-
amle, tnc aquatlons for mass conservation now Mc-

s
n+; n

- At([< 3:;:+’ >0+ -
-n-n+l

~,ij ● %,lj
<pv

-q
>@yazj

n -n+l -n -7+1
+ [e J ru > -<~ru

~qh” ● a ~A-].’rlM1) . (15)

A SQCOIM oDttonal oD@ration In St P 4 Is the Inclu 10fI of Intorfaclal Mating
ttm of tho fom K(qa’)l?(a) ! i-~(q’)1 md K(qS)l~(q)[ In tlwmorgy oquat~ons.
Although tho$c to- ara dQ81rab10 fOr C~l@t. MwQy Camorvatton, It 1S bollovod
thoywlll not chmgo results for lRFOR HCDA calcolatlon$ sfgnlficmtly. If tlwy do
provg to 6. l~rtmt, conc8Dtual~y th8y should ba Included in th~ $top I v4porlza-
tfon, mltfng. CM Mat trmwf.r mdels McausQ of tho ortp!n of hgatlng in ths

bundary lay8r. TM fnclusfon in Stop 4 Is a Cmutatfonal convmfmc~ bocauit of
tho pmonco of Q conslstmt mammtbm oquatton.

Ttto final Oparatlon of $ttp 4 1s th~ Convoctlon of lntOrfaCltl araa a batmdn
continuous and discontinuous ~torfal comonmts using th. subscripts f and k, rt-
spocttvoly. for rh. c.11 uhdc7 lnvostlgatlon. Tho diff~r~nt{al @QuatlOn fs tdoDtod
frm lshll.4 ●nd tl’w ln!tlal AFDU aDproach t$ to us. this ●auAtlOn In tlw form

* + V.(aqtq) ● S,,k . (lb)



IV. AFOM cMPuTATIONAL FE AIURf S

h, Vlrtua 1 ms~
OQforc the ~ntum quatlon solutlon can bc dl$cu%tcd, the vfftual mass ttm

fn [q. (2) must bc defirmd. This tom #rtsts wlwn a dfscmr$cd phase Is accelerated
In a uulttphasc mdlum. Ttw acceleration giw$ rfz? to m addit~onal force beccuse
a Part of the ntlghborlng fluid also must bc acc~ltratod. A gmoral formulation of
the virtual mass t~m for tuo-phtsc flou based on the ob.jcctlvlty Drinclplc was de-
v@lopQd by Or@w.5 The analysis shows that the v~rtual mass force bctwccn a contin-
uous phast, 1, and s discontinuous phase, k, M% the fom

uher~ C(k) Is called the virtual MSS coofficfont ●nd A Is matnly ● function of the
volw fraction of tho discontinuous Phast.

B@sld?s tho abow ratfbnalc. the usc of virtual mss tem can move the cm-
P1OX charactcrlstlcs that othcmlse oxlst Wfth tht u$* Of onc av~rag~d CC1l pressure
In the ~ntmcquatfons. ThQ n-rlcal Stablllty of a mltfphasc calculation my
M tqrovti.

~C@us. Of th~ unct-fntf~$ that still cxfst, th~ ●pproach adoptod MS to fn-
CIWC only thoso virtual msss tcms *OS. ●nttclPM@d or observ~d ●ffccts appear
cost cffoctlvo to mtaln. four consldcratlons uom used to roducc [q. (17) to fit
fq. (2). First, only thoso vtrtual -ss tcms tMt d~tl with tho Interaction of .
discontinuous wporulth a continuous ltquld~ro rctalntd. If vapor Is continuous,
the dmslty cwfftctont In Eq. (17) is smll. for liqutd-lfquld tntwactions. the
standard drag cwff~cfcnt 1s large. md term bawd M accolwation havo ltttlo ef-
fect, Mcond, EQ. (17) w progra- tn a trt~l M-phase, ono41mn5ional algo-
rltlm to lnwsttgato Its offocts on calculations. w found that tho Valw of A kst
p-tlng stabllltyws problmdapondont. A ~ral constant Yalw could not b.
Scloctd. Thts lod to th8 fo~latton of othar a~~nts, msultfng In tho conclu-
sion to dwp th~ convoctlvo tern frm Eq. (17), loavfng only tho Inort?al tom.
lh~fd, ~ntm f@WMck fron th8 d~~ContlnW8 vaeor smhoumst M ●wortfonad to
tho t- ltqufd flolds. for convmimca, thts dtvlslon MS porfo- basal on tho
ltquld vol~ frtctlons prcsont. fourth, ttw VIRM1 MSS coofflclont -S d.flnod
bsscd on fomlas adapted frm Ishil.b Tho virtual mass tom in [q. (2) than htv~
tho fom

WON tht n~rtc subscripts stand for llwld mntm f~olds and tho @ff@ctfvQ II-,
quid d~nslty 1S a VQIW-avoragod qWht\ty. Tho ‘:irtual MIS term al dofinod abovo
Is particularly useful fn stablllzinq the hlghw-ord~r dlfformclng forest uhcn dQ%-
crtblng churn-turbulant flow.

~UIMUIMi
10 prov do s b.ttor roprosontstton of fwl-coolmt lntoractlons, pool stlat!f\-

catlon, and othtr MCOA phonomm, tho AFOU Is WittOn In toms of thrm wloclty
f~oldt Tho approsch cm M @XtrtPOlttOd r.tdlly tO nora VO19Ctty fl~ld% If tht rfw-
mntm ozchango r.lattonshlps can b. dtfinod. Tho koy difficulty 1s solvln~ th M-

mntw qwtfonsi Tho 4ppWCh wd ts a dfficatlon of that don. provtoutly. !

Tho flntto4tfforon:o formof tho ~ntm Qqu4tlons 1s strafghtfo~d oxcopt for
tho convoctfvo tommd tho t.rwwnt of th~ tntorflold drag tom. (Unfortunately,
8NC0 Ooat not Nrmlt a full Olscu$slon of tho cafivoctfv. tsm.) As an QXWIQ, tn
$tw4 tho Qalal convoct!vo tom (iqnorlnq tho q 8ubscrlpt) 1s gtvon by
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~ ~(~vru) + ~(P —[< ~nru”+’>,+x j+~< ‘n ‘f+% j+%

‘iAri , ,

-<~nr”n+l >lxj+x< vn>, -xj+%]+[<~nwn+l~, ,,,<vn>,,+,, 0 * ,,
,

-n n+l
-<pv

‘Ij< ‘n >@/ Az,+X m (19)

wtth the < > tem$ dfscussed In Sec. IV. C. The inttlal tpDr04ctI fOr Ih? drag te~s
was to usc ●nd-of-tlmt-st~p (fTS) velocities wherever ● vclocfty dlffe~~nct ap-
peared, tncludlng any velocity d~fferencts used in the mcfcl for K(tl,q’). The dtf-
flculty ulth this approtch was thtt oscillations occurrod In att@@tlng to ltcr~te
#s a function of pressure drop. An oxamle Is strewn In Fig. 1. Th@ main curv~ Is
an cxaqlc solutiofi to the AFDM vapor mntum Wation -S a function of the cires-
$urt dlffermcs bctwtn tvo ctlls fOr highly dlSP@r$ed flou. Sttrttng at point A,

an cxtrapolatton using ttn veloclty dtrlvatfvc as # function of Pressure Is along
the llnc A-O. An ●valuation of the v-loclty ulth a DW5$uro drop Corresponding to B
glvcs the point C. TIM voloclty dcrlvatlve then moves along lint C-D, and a func-
tton ●valuation at point O glws a voloclty very C1OSO to point A. The solutton to
th!s problm WAS to adopt tho definition

(20)

where I can r?prescnt clthtr 0+ or A+, in oth~r wrds, m axial or radldl coordln-

4t8, The quantlty~ 1s set to ont-half In Sttp 2 ●nd to Mlty In Sttp 4. The d@-
rtvatfvos of the vtloctty ulth respect to pr8ssur9 for Stop 3 arc obtafnod frm dif-
f~rtntlatlng the finfto-dlffcronc~ fom of th -nt-~q~tlon in St@P 2. This
procoduro partially wdstos tht volocttlos fn tht dwlrti dlmctlon In Stops 2 and 3
md tlwn CIldnatts und@slr8d previous th8-st8P offccts fra tho Intwflold drag In
step 4. for cxamlc, lf ● flou-rqtmt sh~ft occurs, using ETS wloclttos tn tht
drag ●limtnatos a tlm-stop size dcpendonc~ In tho adjustwit to a MU flw mglm.

~-
In ●ssessing tho mrlticaltty of a dlsruPtM LMFDR coro, a koy parmttw 1s

hcwmch fuel rmains in the core viclnlty. TIM nwrlcal diffusion asswlatod with
ftrst+rdw accurato donor COI1 dffformclng can M qulto nwconswvativo in pcr-
fomi~ thl~ cstimto. Mm pwfomlng Mstdlstss*ly amnslonso oxcmslvo nwr-
tcal dlffuslon also cm Mconstdomd as cwsfng roomy warfng and a mductton tn
thouorh porfo d.

Y
In AF~, a hlghor Ord@rdiff.rOficfnQ approach has bwn adopttd

from van Loor. The IdOa Is to dafine both tht Mgnltud@ ●nd SIOPQof a vartablc
in a donor cell. Th@ tire-stop SIZO furnishes m Integration d!stanco for d@ttm-
Inlng conwction, Llmltors thm ar8 used to stoo osclllttlons MM @nsur@ that the
schtme r-ins posltlvo d8flnlto. As an txa~lo, th8 < > quantlttcs In tht txltl

dlroctlon arc dcfln~d by

<p> ,+ -[z,, + ‘(u) ]V - +,, ~~At , Vo+~o
2 bzfje+

, and

2
% (K)f,j+l v*~t> Wj+llve+ -

<Jv>
e+ = [~l,j+l - ‘ ‘@+ <0 . (21)

In [Q. (21) tho S1OPO o! the density Is gtvm by
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at a 0.98 vaDor volume fraction.

Slnllar d~flnltlons oxlst fot’ tho radtal dlrtctton, but th~ SIOPQ of a convcctad
qumtlty Is based on tht arm, not the radial coordtnato alm~.

Tho energy tcms ~ o z sro cvaluatod by avcraglnq ovor MC volme frmuhlch
the corresponding NSS was Mk8n using m @n@rgy s~wpo doffn8d In a aann~r stnllar
to the density. Thl% ~SultS in m @quatlon %ld14r tO that Of [q (21) but with
onc voloc~ty factor mvod. [ouatton (21) Is volW-avorag8d ovtr th~ two r~l~vant
CQ1lS to obtain the ~ntm tomi (n [q. (19). Th@ < v z tom In Eq, (13) Is cvul-

uated by Int.gratfng @n assti v~locity shap~ ovor th~ VOlwa corresponding to the
transported momantum. This 1s lwlaaantcd by basing the llrnlts of lntcgrat~on on a
voloclty dcf~ned by dlvtdtng tti. ~nt~ flux by an apprOprittC]y vo~m?trlcally
averdged density. ThQ orlglndl van L@or al;or~thm Is $*cond order accurat? in tpac?
txcopt uh~rt the llmltors apply tnd uhcn t nonun~fom Nsh fs scltct~d. In AFOM,
the stsggorod msh, uhlch WA% chosm to h~lp prossur8-v@loclty calculstlvo st#bll-
ItY, NkQs tho accuracy in ~nt- tr4nSpOrt hard to ova~uat@. constqwntly, lhc
slightly ~lguous term, h~gfwr ordtr dtfforoncing was so)octad to d~tcrlht this
approach, and th~ crltorton for Its ovaluatlm ts parfo~nco. Th~ \chams dws aP-
paar tomrk reasonably w1l, Thcro Is a pontlty tncurrod from tho Iongthmcd for-
mJIos and ●xtra ttor, tlons roqulr.d for convotgonco fn St@p J, but It ●ppears sc-
co~tablo tn th~ cases tnvostlgatad so far. Ar, oxt~lo of mdlflcatfon in r~~ults
obtolntd with hlqhor ordor dlfformclng Is glvm In SQC. V.



cell transf~rs. AFDM lnterfar~al aret; #t present ●rc Cfcflned for Unre$trlctccl flw
only. Veloclty and concentration profllas Iwosod by solld structures are presumed
not to Influence the fl~ rsgl~ that Is present. A cell Is Inftlallzccl by (a) se-
lecting the topology based on voluw frac’tlons and r~lht’lve v@locftl@s and (b) ob-
taining the conwctlve Intcrfaclal areas b8twon continuous and dlscontlnuout com-
ponents from [q. (16). Operation 3 In Stop 1 mmlifl~s thtse aress with a source
term. This reflects the change of surfact arta wtthln a given CC1l as # result of
several physical processes such as nucleation, dynamic forces, turbulence, coales-
cence, and surface tcnslon forcts. In qeneral, ~dels for the sourcp term are $lm-
ple. For ●xample, dynamic forcos modify the radll of bubbles/droplets by a ftrst-
order differential equation ●xpressing the tdea that the equ~llbrlw Uebcr number
can be approached using a re’laxatlon-time ~del.

Mhen the continuous’llquld, the continuous phase, and the source tem have
been assessed, the fnLerfacial arms of the discontinuous c~onents can be updated.
HowvQr, they sharo psrts of their surfaces ulth cocxlstlng dlscont!nuous c~on?nts
or with tht send structur@. Thereforo, several Contact crlterla ●re spcc~f’zd to
d~flno the surface subdlvislon, such as the contact to the Solld structure, the ln-
torfacc betwtcn Ltquld 1 and Its solld phase, the contact of the vapor and tbm 11-

quld c~onents at zero vcloclty t~lrwjh contact anqles, the contact of t~ discon-
tinwus cmonents at flnfte veloclty dlffermces, ●nd the c~~natlon of tho latter
t- proccs>a:. Finally, after the rtsult$ of the AF~ heat and MSS trinsfsr mdcls
●rc kn~, the Intcriacla! areas art updated bcsod on th~ -ss transfer results, tn
proparatlon for the c#lculatiOn of nmntum convection and convection of Interfactal
area I:salf. Figures 11 and 111 show :UO topologies with all coiqments present In
a celi.

In Fig. 1], vapor Is the continuous phase. The prevailing droplot flw con-
sist% of two typts of droplets. MC dropl~t consists of tho solid and llquld phase
of c~onent 1, and the other contafns th~ Sln91C cowonm? L2. Tho broken-l~ne
ctrcles next to the 12 dropl~t lndic~to that the contact to the P/Ll droplet my bc
s functfon of tho veloclty dlffcrenco by usfng a colllslon frwwncymod cl. In
Fig. 111, Liquid 1 Is continuous. Thereforo, Its solld phas~ (repr@sof,tod by the

r
,

fig. 111.
Topol~ywlth bubbly flw,



mrtlcl~~, P) is Wb?ddQd tOttlly 11’i tht liquid, ●xc@Dt fOr tlw COntaCt to the sol~d
structur@. L1 ●nd P hav~ tho same ~elocltj. Again, tho contact between the other
discontinuous phasss IS dtflncd by contact ~ngl~ crlttr!a and the vel?cfty d\ffer-
mcc,

K, #F~ Mat a a Mss Tn ransfer
A %!*1Q best ●nd MSS transf?r wdel IS being f~lmnted liI tho first wer$lon

of AFM. Thc phtst transition Droc@sses lncludod are ~ltlng tnd frCQZlng of f~el
and ~vaporat~on ar,d condmsatlon of fuel tnd steel. The calculative UtdUl Is $im~-
l~r to the Slm[u-1] descrtptton of mat and ws$ transfer anu cmut~s *ss trans-
fer rates fr~ heat transfer to tho rcspcctlve lnt@-fSClal #rOtS.2 Heat transfer
Its@If IS calculated by using appropriate heat transfer Cotff!cfents for the Wa”lous
posslblc configurations Cnd the teqwraturu dlffermces bCtUOen the Cmonents aml
ghases. ~TrIc gas phase. utIlch cmslsts of totally mixed Cmonents. 1s character-
ized Dy one energy and t~erature.)

A ~re sophist~cated phase-translt~u= Mel. unlch tracks physical processes
mom accurately, ●lso Is being dUvelODed for the AFM. TII:$ tie~ IS cntractertzce
by I Stmrate trwtwnt of -ss transf8r. [wmratlon and comlensatlon 1! rmre-
sented by mltlcOWMCnt tnfl d~ffuslon Cmcesses in the vapor DMSC. The dlffus!on
Uguatfofl used Is

(22)

In this eauatlon. 1. j, and k are coqonent Ind!ces, ●nd the flnltt concentration
dtffercnces ay(k) arw divldecl by tho boufidaw l~y~r thickntss t. The O(j,k) denote
a 2 x 2 -trim of dlffuslon coefficients for evmgti VSIWS of the concentrations.
c(t) is th~ totsl mlar donstty of the gas ●ixtura, ●nd B(l,j) Is the “bootstrap”
mtrlx. Mien the third c~nont Is nOt cond@nsib18 (as in the AFM), 0(1.j) is
given by

.-
b$ierc 41

Pi
!s the KroMckcr dtltt function. lntorfacfal t~rttuns (clmoted by 1)

e
for .va ratlwi ●ti cmdonsation aro dotomlnod by 1 L@rphaso h8at transport oqua-
tfons of tlw fom

*-
nom h(I,ll) Is the host transfer coofflclmt frm the Uaslliwtd Intcrfacc Into tho

c llquld (Ll) phase, hg(6,Ll) Is the mss-flux-corrtctti fwat transfer cocfficlmt
f-a trw gas/llcIuld Intorfacc! Into thO ultlc~n~nt gas Wsc. M(l) IS the mo~ocu-
lar uolght, and tne .ffWtlve ●nthalpy of vaporization Is evtluatti to ln$ur~ con-
sorvatloff of energy. Tuo problem ht~e to be rosolvad to flmd t~ concentr~tion

r gradi8nts In the bounda~ 14yor: (1) tho concontratfon St tht lnt@~f#CO Cnd (?) th~
SIZC fsf the concontrttton boundary layer. Problw (1) ~s solved by usln9 QQu~lfbr~-
uu ●ss~tfons md the fOS at tnc Intcrfaco. Tho Drossuro at the lntorfaco is pw-
scmod to b. the AFM CO1l prmsurc. Probl~ (2) 1S solved by using Mss-transfkr
corr.latfons as glvon In tht chemical llttratur~ or frOfd tnal~l.~ Bttumn nmt snd
-ss transfer. (TM Icttor Uthod has th~ advsntage of gutrantctlng the Conslstcncy
In heat ●nd mss transfer Calculatlont aut~tica~ly.)
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TtI!s vector represents tiw information normlly available for [0S guer~cs.
The ~in c~lexity In the lmgle~ntatfon of tht SfSAMf [05 Is in the tran~-

fomatlon of the wcrotcopic dcnslty Infcnaatlon appcarfng In ;(F) to rnlcroscoGlc
density Infowaatlon needed for !0S Evaluations. This IS handled BY assfllng me:n&n-
ical oautlibrlum [in Drcssum) bet-en the varfous -tcr~al cmonents in a nUm’~-
cal cell and then Drocculing in the followlng way. The ga microscopic dcnsltl~t

first arc deflncd 6s

-a .0

“6 = 36/ux(&,~6) , (?bj

*ere ~ ~ (1 - ●s)ao , and (27)

06 E 1 ‘OS- ‘; “’o)(aLl ‘mL2 ‘gD)”
(28

PG(16+) = ‘~+@sLlot-l
T ) - ‘12(%L2’TL?) - ‘D(%D’TD) ‘

(29)

(301

9. v-c
ng MIJO In tht Drograrm!ng of AFW to obtain cwl~tc v@ctor-



~unctlons from 100PS do!ng numertcal calculations, and (4) romw~nq condit~onal
stat8wnts frm ~oop$ doing numerical calculations,

Ihc constrvatlon of wwry IS consld~r~d only If vc(tOriZ#t~On ~S not Inh\blt
cd. Ulth the memory SIZe of current vector c~uters, memory should not be a Drub
lem, The par~mt~rs thtt dotemfno tho ~sh SIZC should bc St~.CtCd SO It,at mem~ry

confllcts arc cllm?natuf. Each mash varlabl- Is assignsd a contiguous block of mem
ory to opt~mlzc the f@tching/$torfng of th~ varlablo.

“DO” 100DS are nested only uhon ttley do not affect the optlm~zat~on of vtctor-
lzation, If nested “PO” looPs must be usccf, the ‘DO” 1002 with the largest range of
Ind!cts must bc the Innermost loop. Calls to subroutines art not allowed in ‘DO”
loop% btctust they Inhlblt vectorlz~tlon. To achfeve this, each CS1l to a subrou-
tine must do Its calculation over the ran~e of th~ ‘DO’ 100PS.

Cond~ttonal statmants can b. 81tmlnatWf by (1) gath?r/scatter and (2) vector
merge tcchntqucs. For tht gather/sfatt@r ttchnlquc, tables of d~fferent clats?~ of
varlablc arc s8t up, USlnQ thcs~ ttblcs the calculation for tach cla~s of variable
Is dent by vottorizcd loops’. A truth vector Is goncratcd for the v~ctor ~rge tech-
nique. Tho truth vector selects onc of several vartablcs to calculate the value of
a third varlablo in a voctorlzcd loop.

The AFOM program hts bm dsvelopod on a Cray 1 cmutcr. As t rule of thumb
on the CRAY-1, the 8dvaniago of 8 voctoriz8d Pro9ram ovor an opt!mfzed nonvtctorized
Program Is about a factor of 4.

v. AFDM Status

Inttlally, scn18 of the ~deas to B. used ~n the AFfM algorlthm (tho MSAM COS,
tho hfghor order d~fftronclng, the Wltlple flou r.gl-$, tho v~rtual -ss trctt-
mnt, snd tho prossurt Itoratlon Itself) wro ~nvostfgatad with a on@4\manslonal,
tw-phase COdC. N@xt, a basic tuo-dlwnsfonal AFOM algorithm as doscrlb~d tn

Sac. 111 was proqramd and Is op~ratlonal. Tho mrc sophlstl:atcd mdcls are cur-
rently In ti]8 proqrs~lng/dtbugglng procoss. It Is pr~tura at this tl~ to report

a slgnlflcant LMFM HCDA cslculatton, t~l~tlon of thts PMSC of the AFM project
& with tho mdcls as doflrwd hors is sch~dultd for Octob@r 1907.

Rclatlv@ly sl~lo checkout calculatton$ aro bolng pefformad at this stage. AS
.-

an omawlo, a c~rlson has bm don. with m Isothoml Wo-llaufd @xp@rlmont per-
fOMd at K@rnforschungszontrw, Karlsruho. in th!s cxp~rlmnt, t~tralln (stmlat-

F lng uraniwdlox16@) Is ●!xod wfth amonlc (slmlttlng stml). Ihc tnitltl experl-
-ntal conftguratfon Is shoun In Fig. IV. Tho ftgura dt~nslons an tn •llll~tors,.
and tho box Is 51.5 ~ thfck. The oxpcrf-nt 1s parfo-d by wltMrawlng a cyllndor
and roloaslng tho totralfn. To obtain a calculation that can M c~~ utth this
●xpcrimtnt, thr88 diamslons ar8 dcsirablo, but planar goomatry can b. used for a

! ftrst approxiutlono Tht AFOM curr~ntly ~s programd In r-z gtrntw. Although a

Cf planar optton tt planned, it doos not prosontly oxlst. To Partially slmlato planar
go-try, th~ calculation was ptrfomcl in annular gomatry with a largt cmtor
[1~-n) nodt o! solfd structure. With tho ~fnlng radial nodes balng -5,5 ~, tho
cylindrical a~p~ct of tho calculation 1$ ollrnlnatod. D@causoth MQls dl$cusscd

r In 50C. IV,D still aro b~lng t~lwnantcd, thols calculations wro pcrfo-d with
constant radll (for drag) of 0.5 mmfor totralln and 1 m for amon~a, lht calcult-
t~vo rtproscntatlon of the conflquratfon Is shown In fig. V. [ach contour ropr@-
scnts a 10S chang~ in volu~ fractfon. rfgurts VI and VII g~v~ tho Calculative
results utlng both tho donor CCI1 and tht higher ordtr dlff~rmclng approach.},
Flguro Vlll glvtt an outlfno of an o~ptrimtntal totral~n profllt as !nforr@d from
tho high-spood ~vfc for c~ar!ton Although cavtatl oxtst, tho c~ar!lon It
roasonablo, Illqftor ordor dlff~roncfng doat produce a r@dUCtfOn In n-rfcal dlstf-
P4t10n Md @n Inltl&l r~duct~on in smaarlng, Ooth tho Qxporimt NM tho calcula-
t~on slosh tho t~tralln up the Ildcl to approach/touch tho upper WWonta Surfact.
Mowovtr, tht calculation Is Ilicorroctly trapp~ng arnfila In tho right corner at
Wins, TM cnuntorflm of the ctcaplng amonia causes turbulmct thtt lttt$ much
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fig. v.
Calculatlonal simulation.
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Ftg, VI,
Ftrtt-ordor donor c.11 r~sults.
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Fig. VII.
Hlgw-ordor dtffwoncfng.
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rotults am lQSS than ideal bgcauso of t8trtlln splashing on the front vfeulng wfn-
dou ●nd bocauw of t~rbulcnct and loss of amonla caused byw~thdraw~ng tht cylln-
der. The txportmmt 1s botng rerun to chock roproduclblltty and to cllrnlnatt tome
~nft vapor bubbles caused by rad!atlon frm the outside mviromant.

To s~rlzo, progr~ss is bolng mado tn tho Invosttgatlon of tochnlauos that
will rtuuc. LMFDR HCOA calculatiw uncwtalnttos. lt 1s Omtum at Ihls tlms to
judgo the ultimto usofulnoss of thowrc C-lQX tnnowtlons. Chmqo$ In ho tlqo-

1rlttw dcscrlbcd here c~n b. tn?,lclpttcd. Houwor, cmrad Wltb SIMIR-11, suffl-
clw’itprogrsss Ms bocn nadc to conclude that, with further Ocvolopmmt, Significant
l~rov~nts aro posslblc In rcllably calculating tho Progrmslon of sovcre arct-
dmts.

RfFfR[NCfS

1. M. R. Bohl, ‘A Calculational Advance In tho Modoling of fuQ1-Coolant Intorac-
tlons,” in Proc. LHFBU~@t~ToQfc4~ ~.t~m (Lyon, Franc., 1902). p. 111-557.

2. U, R. Dohl and 1, B. Luck, ●SIM!ER-11: A C~ut@r Progrm for LHFDR Oisrupt@d
Coro Analysis,” 10S Almos N~ttOnt] Ltborttory f.POrt, LA-7515-M, NlJR[6/
CR-0453, Rev. 2 (In proparatlon).

3. 0, R. Lllos andn. H. Rood, “A Soml- Imlfclt R8thod for Tm-Phas8 Flufd Oynam-
Ics,m J. Coq. Phys., U, 77 (1970).

4, M. lshll, ~rMo-flu~d ~jC (Colloctlon de la
Otroctlon des Ctudos at Rechorchw O’[lcctrf . France. [yrcllcs, 1975).

5, 0. Drou, L. Chwig. and R. T. Lahcy, Jr., ‘Th@Amlysfs of Virtual h%% fffccts
in Tuo-?haso Flow,” Int. J. Multlphas@ flw, 5, 233-242 (1S79).

$. M, !shll ●nd K. MtShiW, ‘Tw-Fluld Mol and Hydrodynmlc Constitutlw RQla-
tlons,” Nut. Engrg. 0.s., ~. 107-126 (19B4).

7, Dram van Loor, ‘Toutrds th. Ultfmto Consorvatlvo Dlffomnco SchoM. IV. A w
Approach to U~rical Convoctlon,O J. C-. Phys., fl, 27*-2I9 (1977).

8. K, S. Hollm, tdltor, 91=4 Handbook of Ustorlal P~rttos Dsta Bases, Vol. Ic:
[qwttons of Stm,O Los AIMM :Jattonal Uborctow r8wrt LA-101KHS
(Kov*or IW4).

$, Charles u, Crmflll, ‘EOSPAC: A $ubroutlno PackagQ for Accessing tho Los
Ala-s SQSam MS Osta Ltbrsry,’ Los Almot National laboratory report
LA-9720-M (August 1903).

10, J, Abdallah, Jr,, ‘User’s Ibsnual for 691221Y,’ Los Almot M.sttonal Laboratory
report LA-10244-U (Sopt~or 1904),



,,.

w

P

-

- ‘.’ ES !3[ WIII+P B> ( .AS\ll ICA’I(IK ()~~()[lt’

& -, fn.$ !,HW

‘*: .>’ ab!il~m I IrOWW O@!tma!
TPr& 0, ,Ull ~~ (c@@f requwml

—.. - —.. .—. —.—r
AU TW(SI {f UHtd~~) CjrO@ CMAIIIIIWKMI

w(!ll~~m) R. ~h], Q.6 L(drry) B. Luck,
D(!rk) N!lhelm, KfK
F(red) R. Parker, (J-6
J(em) EWthler, CEA
P(WI ) J. Naudl!n, Q-6
P(h!l!pp) Schmuck, KfK

I L (UC) Goutdgny, CLA
‘S(ch!n!ch! ) Ich!kdwd, FACOM-HITAL

H(!sdsh! ) Nlltokdtd, PNC

.— -————

Q-6

..— —. ——
.A LIR

*

I

L.
—.

—EGzttDDale maKl CMcc Toh,2hom W=
January 10, 1987 7-6231 KS57— -——- —

_pq9mcaa.--——..---- .-—~.—--––– –- - ------–-J
CMWPICA710NOROUP——

AFiiw.lx” “’lliiiFf’FEFE — flla#/Au4M P4d!f!cdml 04 RMaa4

I Udlu L. ..~g+-.-. -----...–J “---7----- ..-...


